Adenovirus types 40 and 41 (Ad40 and Ad41) are associated with infantile gastroenteritis (Uhnoo et al., 1984) but replicate poorly in human cell lines. They have been classified as a separate human adenovirus subgroup (F) on the basis of several molecular and antigenic criteria (Wadell et al., 1986; Hierholzer et al., 1988) . Recently, subgroup F adenoviruses were discovered to be the first human adenoviruses to carry two fibre genes (Pieniazek et al., 1990b; Kiddet al., 1993) .
Adenoviruses are generally refractory to the effects of interferon (Mathews & Shenk, 1991) . For human Ad2 (of subgroup C), two small RNA polymerase III transcripts, virus-associated (VA) RNA~ and VA RNAH, play a pivotal role in the mechanism of interferon resistance. The genes have internal promoter regions and are arranged in tandem on the virus genome at coordinate 30 approximately (Akusj/irvi et al., 1980) . VA RNA~ is required for the efficient translation of host cell and viral mRNAs after infection, and has been shown to prevent the induction by interferon of dsRNA-dependent protein kinase DAI (Mathews & Shenk, 1991) . It thus prevents the phosphorylation of initiation factor elF-2a and allows the efficient translation of proteins in the presence of interferon (Kitajewski et al., 1986a, b) . VA RNA I is the more predominant species after DNA The nucleotide sequence data reported in this paper have been submitted to GenBank and assigned the accession numbers L06496 (Ad40) and L05511 (Ad41).
synthesis (S6derlund et al., 1976) , but in VA RNA I gene mutants, the VA RNA n may partially substitute for it (Thimmappaya et al., 1982; Bhat & Thimmappaya, 1984) . In contrast to Ad2, Adl2 of subgroup A has only one VA RNA species (F6hring et al., 1979; Shu et al., 1986) . Human lymphoblastoid interferon was recently shown to inhibit the replication of subgroup F adenoviruses in vitro (Tiemessen & Kidd, 1993) . This suggested that in Ad40 and Ad41, some defectiveness may exist in the mechanism by which other adenoviruses are interferon-resistant and, specifically, that structure or expression of VA RNA may be compromised.
To determine the secondary structure of Ad40 and Ad41 VA RNAs, we amplified and sequenced the VA RNA-encoding region of Ad40 and Ad41 using PCR primers that span the complete VA RNA~ and VA RNA H gene region of Ad2 (Roberts et al., 1986) . Both strands of the amplification products were sequenced directly (Kretz et al., 1989) (Engler et al., 1983; Larsson et al., 1986) . The upstream primer binding sequence does not exist in Ad 12 (subgroup A) (Shu et al., 1986) .
Whereas DNA from representative members of sub- The sequences immediately downstream of the VA .C~u'UGc G~C cGcC~ "fl fl FI GCG A C U R ~C~u ~ GFnfl cccECGGu Fig. 3 . Unbranched secondary structure predicted for Ad41 VA RNA, with comparable stability (AG = -451 kJ/mol) to the branched structure prediction in Fig. 2 (AG = -472 kJ/mol). This is shown together with a secondary structure prediction for SA7 VA RNA (AG = -506 kJ/mol). Programs RNAFOLD (Zuker & Stiegler, 1981) and MOLECULE (Lapalme et al., 1982) were used.
RNA gene in Ad40 and Ad41 clearly correspond to the start of the 52,55K ORF in Ad2 (Roberts et al., 1986) , the deduced products having the first 10 amino acids in common with Ad2 and the first 11 with SA7 (Larsson et al., 1986) . The predicted amino acid sequence from Ad41, however, lacks amino acid residues 12 to 15 of Ad40 (Fig. 1) . In SA7, which has only one VA RNA gene (Larsson et al., 1986) , a non-coding region of 73 bp between (and upstream of) the VA RNA gene on the rstrand and the p-TP ORF on the 1-strand, has a direct counterpart (with 76 % and 82 % identity) in the Ad40 and Ad41 sequences.
The 467 bp and 455 bp amplified products from Ad40 and Ad41, respectively, hybridized to EcoRI band A, HindIII A, KpnI C, BstEII D, SmaI E1-E z and BglI band E in Southern blot transfers of digested Ad40 strain Hovi-X DNA from CsCl-purified virions. They thus mapped to within an accuracy of 1 kb between coordinates 28 and 31 on the Ad40 genome (Takiff et al., 1984; van Loon et al., 1985; van der Avoort et al., 1989) and to no other region. The result is in accordance with the map positions of the Ad2, Ad7 and SA7 VA RNA gene regions (Roberts et al., 1986; Engler et al., 1983; Larsson et al., 1986) . This makes the existence of a second VA RNA gene elsewhere on the genome very unlikely, unless it has poor DNA homology with the first. In addition, we have preliminary evidence for only one size class of VA RNA in Ad41 (C. Tiemessen, unpublished).
Putative transcript sequences derived from the Ad40 and Ad41 genes, analysed by the program RNAFOLD (Zuker & Stiegler, 1981) , suggest typical stem and loop structures known by nuclease sensitivity studies to exist in the VA RNAs ofAd2 (Mellits & Mathews, 1988) (Fig.  2) . There are known to be some differences in Ad2 VA RNA~ folding between computer prediction of the most energetically stable structure (Akusj~irvi et al., 1980) and experimental results (Mellits & Mathews, 1988) , which suggests that caution is required in interpreting such computer predictions. However, an apical stem and side arm structure in Ad40 and Ad41 VA RNA seems most likely (Fig. 2) , both branches being of comparable length in each case. It may be significant that the Ad41 VA RNA could adopt a second unbranched conformation which closely resembles the most likely structure predicted by us for SA7 VA RNA (Fig. 3) . The latter differs in several details from the SA7 structure suggested by Larsson et al. (1986) . Whether the Ad41 VA RNA molecule could undergo conformational transitions between different energetically favourable states requires investigation. Fig. 4 (Engler et al., 1983) , of Ad2 from subgroup C (VA RNAI and VA RNAII ) (Roberts et al., 1986) , and of simian adenovirus SA7 (Larsson et al., 1986) . Base numbering corresponds to the start of each VA RNA gene. Fully conserved base positions are marked with asterisks. Positions wholly conserved between Ad40, Ad41 and SA7 are marked with dots. The thymidine runs at the downstream end of each gene, which vary in length, have been removed. Also removed is a single base (G) at the 5' end of the Ad2 VA RNA~ gene. Regions corresponding to the outermost limits of control elements A and B in the Ad2 VA RNA~ gene are shown shaded. This illustrates total sequence conservation among the eight VA RNA genes at seven consecutive base positions in element B, the sequence GTTC being known to be essential for transcription of the Ad2 VA RNA I gene (Bandea et al., 1992) . The program CLUSTAL (Higgius & Sharp, 1988 ; PC/Gene, Intelligenetics) was used.
sequences with other known or derived VA RNA gene sequences from GenBank (Engler et al., 1983; Larsson et al., 1986; Roberts et al., 1986; Shu et al., 1986) . The palindromic nature of the Ad2 VA RNAa gene promoter element B sequence, consisting of 18 bp (CCGGGG-TTCGAACCCCGG) appears to be the exception rather than the rule among VA RNA genes, whereas much of its anterior half, known to play a strong role in transcription and also assembly of functional preinitiation complex (Bandea et al., 1992) , is well conserved. The central part of the palindrome, TCGA, thought to be important for interaction of the promoter with TFIIIC (Bandea et al., 1992) , is conserved in all cases. It is apparent from Fig. 4 that the VA RNA genes of Ad40 and Ad41 are more homologous to the SA7 sequence than to the VA RNA genes of representatives of the subgroup A, B and C human adenoviruses (Ad12, Ad7 and Ad2, respectively). Pairwise sequence comparisons (Table 1) confirm that the two VA RNA genes of Ad7 show more cross-identity (65.4 %) than the two Ad2 VA RNA genes do (59-3 %). Although the Ad2 VA RNA genes are no more similar to each other than to the VA genes of the other adenoviruses, each one shows marginally higher homology to a VA RNA gene of another adenovirus subgroup, namely subgroup A (Adl2) for Ad2 VA RNAI and subgroup B (Ad7) for Ad2 VA RNAw This suggests that external recombination events rather than, or in addition to, gene reduplication may have played a role in the evolution of multiple VA RNA genes. Fig. 5 is a dendrogram based on the percentage identity values given in Table 1 . When apparent block deletions are taken into consideration, the short Adl2 VA RNA gene sequence appears marginally more closely related to those of the other adenoviruses known to have only one VA RNA gene (data not shown).
The structure of the VA RNA gene region of subgroup F adenoviruses is thus simpler than in most other human adenoviruses, except those of subgroup A. The short VA RNA gene region was detected by the PCR using several strains of Ad40 and Ad41 having proven genome differences (van der Avoort et al., 1989 ) (data not shown). As with Adl2, the existence of one gene precludes the possibility of provision of a backup VA RNA as seen in Ad2 (Bhat & Thimmappaya, 1984) . Nevertheless, it is not clear how the Ad40 and Ad41 VA RNAs might affect interferon tolerance, if indeed they do, except that the VA RNA of Ad41 may adopt more than one conformation, which could conceivably affect its interaction with the dsRNA-activated inhibitor of translation (DAI). It may be significant that the related SA7 VA RNA was found to have a reduced biological function compared to Ad2 VA RNA~ in vitro (Larsson et al., 1986) . Studies are now under way to compare Ad40 and Ad41 VA RNA levels and activity with Ad2 VA RNA I in different culture systems.
With regard to the origin of F subgroup adenoviruses, the relatively high VA RNA gene sequence identity of Ad40 and Ad41 to an adenovirus of simian origin (77.1% and 81-2%, respectively; Table 1 ) has obvious implications. That the VA RNA gene regions of both subgroup F adenoviruses and SA7 appear so similar calls into question the long term history of subgroup F adenoviruses as human pathogens. Their replication is defective to some extent in all human cell cultures, even Relative identity between the Ad2, Ad7, Ad40, Ad41 and SA7 VA RNA gene sequences as shown in Fig. 4 , derived by pairwise comparison. The upstream and downstream VA RNA genes of Ad2 are designated VA I and VAIl, respectively, and similarly for the two VA RNA genes of Ad7. All comparisons were performed separately by NALIGN (Myers & Miller, 1988) and MicroGenie (Queen & Korn, 1984) , and percentage identity for the best fit was calculated from the number of base matches divided by the total length of alignment. Values greater than 70 are underlined. The identity figures in parentheses are adjusted for apparent block deletions of 10 or more base pairs in one or other sequence being compared, several of which apply to the short (145 bp) VA RNA gene of Adl2. Table l . The program CLUSTAL (Higgins & Sharp, 1988 was used.
in the presence of trans-activating genes such as adenovirus type 5 Ela (293 cells) (Brown, 1985; Pieniazek et al., 1990a; Grabow et al., 1992) . It is perhaps significant in this regard that subgroup F adenoviruses can, unlike other human adenoviruses, be grown and characterized in primary monkey cells (de Jong et al., 1983) . That these viruses have a simian origin and came to infect humans relatively recently is a tempting, but as yet unproven, explanation of their marked differences to other human adenoviruses.
